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CONDUCTIVE COMPOSITION FOR THIN
FILM PRINTING AND METHOD FOR
FORMING THIN FILM CONDUCTIVE

PATTERN

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/JIP2014/078617 filed Oct. 28, 2014,

claiming priority based on Japanese Patent Application Nos.
2013-226484 filed Oct. 31, 2013 and 2013-266936 filed
Dec. 25, 2013, the contents of all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to a conductive composi-
tion for thin film printing and a method for forming a thin
film conductive pattern.

BACKGROUND ART

Recently, each part of electronic devices has become
smaller and thinner, and thus, step caused by the thickness
of a wiring pattern 1tsellf formed on a substrate, often
becomes a problem. Therefore, very thin wires are desired.
Conventionally, as a technology for producing a fine wiring
pattern, a method for patterning a metal thin film, formed by
a heating deposition method or a sputtering method, by
photolithography has been used. However, the heating depo-
sition method and the sputtering method require a vacuum
environment, and the lithography performed thereaiter puts
a large burden on drainage and liquid waste disposal. Thus,
improvement 1n terms ol environment has been desired.
Further, the heating deposition method and the sputtering
method require a large number of steps, which leads to a
very expensive cost. Therefore, when such methods are
applied to form a wiring pattern, reduction of the production
cost 1s quite difficult.

Thus, a technology for producing a wiring pattern by
printing, using an ink containing a metal or a metal oxide,
has been proposed. The wiring technology by printing
enables the production of a large amount of products at a low
cost and at high speed, and thus, the technology has already
been examined for producing a practical electronic device.

In general, gravure printing 1s used for printing a thin film.
However, the gravure printing requires a large scale equip-
ment, and thus, 1s not suitable for printing a variety kinds in
small amounts. Further, the inkjet printing exhibits a low
printing speed, and requires metal particles having a particle
diameter of several tens nm or less, when an 1nk containing
metal particles 1s used. Thus, the cost of raw materials 1s
very high.

Therelfore, performing thin film printing by screen print-
ing 1s desired. However, 1n case of screen printing, a screen
plate has a large transmission capacity, and thus, the thick-
ness of the printed pattern 1s thick to some extent. In
addition, in order to maintain the shape of the printed
pattern, the ink needs to have a certain viscosity. For the
purpose of increasing the viscosity of the ink, i1f the metal
concentration 1s increased, the film thickness after the sol-
vent 1s dried, becomes very thick. Instead, 1f the viscosity 1s
maintained by a binder resin, while the metal concentration
1s maintained at a low level, there 1s another drawback that
the conductivity cannot be maintained due to the binder
resin. Therefore, as described 1in Patent Document 1, screen
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printing 1s performed by an 1nk containing inorganic acid
silver and/or organic acid silver, an organic binder, and a
solvent. However, this method requires a very high tem-
perature ol 600° C. or more, thus, cannot be applied to a

substrate which 1s weak against heat, or a substrate mounted
with parts.

PRIOR ARITS
Patent Document

Patent Document 1: WO 2006/035908.

SUMMARY

An objective of the present disclosure 1s to provide a
conductive composition for thin film printing and a method
for forming a thin film conductive pattern, which can be
casily applied to the printing of a thin film having a thickness
of 3 um or less, and which can easily increase the conduc-
tivity by thermal sintering at the temperature of 300° C. or
less, or photo irradiation.

In order to attain the above objective, an embodiment of
the present disclosure 1s a conductive composition for thin
film printing, the composition comprising metal particles, a
binder resin, and a solvent, the content of an organic
compound 1n the solvent being 5 to 98% by mass, the
organic compound comprising a hydrocarbon group having
a bridged cyclic structure and a hydroxyl group, the content
of metal particles being 15 to 60% by mass, the metal
particles containing 20% by mass or more of flat metal
particles, the content of the binder resin being 0.5 to 10 parts
by mass relative to 100 parts by mass of the metal particles,
and the viscosity at 25° C. being 1.0x10° to 2x10° mPa-s.

The organic compound comprising a hydrocarbon group
having a bridged cyclic structure, and a hydroxyl group, 1s
preferably 1sobornylcyclohexanol, tricyclodecanedimetha-
nol, or hydroxydicyclopentadiene, or a mixture of some of
these.

Further, the metal particles preferably contain 40% by
mass or more of flat metal particles.

The tlat metal particle 1s a sliver flat particle having an
aspect ratio (width/thickness of the flat metal particle) of 5
to 200. The metal particles are preferably a mixture of a
plurality of kinds of metal particles. The plurality of kinds of
metal particles preferably comprises flat particles and
spherical nanoparticles.

The binder resin 1s preferably one selected from a group
consisting of poly-N-vinylamide, polyalkylene glycol, poly-
urcthane, a cellulose resin and 1ts derivative, a polyester
resin, a chlormmated polyolefin resin, a polyacrylic resin, a
polyvinyl acetal (butyral) resin, an epoxy resin, an epoxy
acrylate resin, a phenol resin, a melamine resin, and an urea
resin.

The poly-N-vinylamide 1s preferably one selected from a
group consisting of poly-N-vinylformamide, poly-N-vinyl
acetamide, poly-N-vinylpyrrolidone, and poly-N-vinyl
caprolactam, or a copolymer of a monomer of one of these
and another vinyl compound. The polyalkylene glycol 1s
preferably one selected from a group consisting of polyeth-
ylene glycol, polypropylene glycol, a copolymer of ethylene
glycol and propylene glycol (a copolymer having an ethyl-
ene oxide umt and a propylene oxide umt) and poly THF
(polybutylene glycol). The cellulose resin 1s preferably one
selected from a group consisting ol methyl cellulose, ethyl
cellulose, hydroxy cellulose, methyl hydroxy cellulose, and
cellulose acetate. The epoxy resin 1s preferably one selected
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from a group consisting of a bisphenol A-type epoxy resin,
a bisphenol F-type epoxy resin, a novolak type epoxy resin,
an aliphatic polyvalent epoxy resin, and an alicyclic glycidyl
type polyvalent epoxy resin.

The polyurethane 1s preferably a reactant of at least one
hydroxyl group containing compound and at least one
1socyanate group containing compound; the hydroxyl group
containing compound being at least one type of polyol
selected from a group consisting of polyether polyol, poly-
carbonate polyol, and polyester polyol, at least one type of
polyol selected from a group consisting of pentaerythritol,
dipentaerythritol, trimethylolpropane, ditrimethylolpropane,
and glycerin, or an ethylene oxide adduct and/or an propyl-
ene oxide adduct of a p-toluenesulionic acid; and the 1so-
cyanate group containing compound being at least one
selected from a group consisting of dicyclohexylmethane-
4.4'-duisocyanate, 1sophorone diisocyanate, hexamethylene-
1,6-di1socyanate, and tolylene diisocyanate.

Another embodiment of the present disclosure 1s a method
for forming a thin film conductive pattern comprising a step
of printing a pattern having any selected shape on a sub-
strate, by screen printing, using any one of the conductive
compositions for thin film printing mentioned above, and a
step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less or subjecting the pattern to
pulsed light irradiation.

The present disclosure can make printing on a thin film
with a thickness of 3 um or less by screen printing easier, and
can realize a conductive composition for printing and/or a
method for forming a thin film conductive pattern by which
a conductive thin film can be easily formed even on a
substrate having a low heat resistance by thermal sintering
at a comparatively low temperature of 300° C. or less or by
photo 1rradiation.

BRIEF DESCRIPTION OF DRAWINGS

The FIGURE 1s a diagram illustrating the definition of
pulsed light.

EMBODIMENT

An exemplary embodiment (hereinaiter, referred to as
embodiment) of the present disclosure will be described
below.

A conductive composition for thin film printing according
to the present embodiment, the composition comprising
metal particles, a binder resin, and a solvent, the content of
an organic compound 1n the solvent being 5 to 98% by mass,
the organic compound comprising a hydrocarbon group
having a bridged cyclic structure and a hydroxyl group, the
content of metal particles being 15 to 60% by mass, the
metal particles containing 20% by mass or more of flat metal
particles, the content of the binder resin being 0.5 to 10 parts
by mass relative to 100 parts by mass of the metal particles,
and the viscosity at 25° C. being 1.0x10° to 2x10°> mPas.

The organic compound comprising a hydrocarbon group
having a bridged cyclic structure and a hydroxyl group, 1s
for example, 1sobornylcyclohexanol, tricyclodecanedime-
thanol, hydroxydicyclopentadiene, or the like. One of these
can be used by itself, or some of these can be mixed.

By using this conductive composition for thin film print-
ing (hereinaiter, may be referred to as a conductive ink or an
ink), a thin film (conductive pattern) can be favorably
formed by screen printing, and a coating film exhibiting
conductivity can be formed by evaporating and removing a
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dispersion medium (mainly, solvent). In the present speci-
fication, the term “thin film” refers to a film having a
thickness of 3 um or less.

The metal particles are conductive components of the
conductive composition (ink) according to the present
embodiment. The metal particles should contain flat metal
particles, but may contain metal particles with a spherical
shape or a shape equivalent thereto having an average
particle diameter of 500 nm or less. However, 11 the content
of the metal particles other than the flat metal particles
exceeds 80% by mass, the uniformity in thickness and the
conductivity may not be sufliciently obtained. Thus, 20% by
mass or more of the flat metal particles are contained in the
metal particles. More preferably, the content of the flat metal
particles 1s 40% by mass or more.

The flat metal particles contained in the metal particles
used 1n the conductive composition (ink) according to the
present disclosure, are plate-like (flat-shaped) including
squamous particles. The shape of the plate-like particle 1s
obtained by measuring the thickness and the width of each
particle through SEM observation at ten different observa-
tion points, at the magnification of 30,000. The thickness 1s
obtained as the number median value of the measured
values. The thickness 1s preferably 1n the range of 10 to 600
nm, and more preferably 20 to 200 nm. The width 1s
preferably in the range of 0.2 to 5 um.

The aspect ratio (width/thickness of the flat metal particle)
should be large enough to obtain the effect of connecting
particles. However, 11 the aspect ratio 1s too large, there 1s a
drawback that the printing precision 1s decreased. Thus, the
aspect ratio 1s preferably 1in the range of 5 to 200, and more
preferably in the range of 5 to 100. I1 the aspect ratio smaller
than 5, conductivity does not easily emerge. If the aspect

ratio 1s larger than 200, printing a {ine pattern may become
difficult. In case of a fiber-like metal nanowire or metal
nanotube, the width and the thickness of the particle cannot
be distinguished (the above aspect ratio becomes 1). Thus,
such fiber-like metal nanowires or metal nanotubes are not
included in the flat metal particles according to the present
embodiment, and are not used as metal particles contained
in the conductive composition (ink).

The conductive composition (ink) using flat metal par-
ticles has a lower viscosity compared to the one using
spherical particles, and thus, can reduce the film thickness of
the thin film (conductive pattern) by arranging flat metal
particles 1n preferable orientation at the time of printing.

I1 the thickness of the flat metal particle exceeds 600 nm,
the thin film printing becomes dithicult. Whereas, the thick-
ness 1s smaller than 10 nm 1s not preferable because defor-
mation, etc., may easily occur at the time preparing 1nk.

With respect to the width of the flat metal particle, too
large width 1s not preferable because a fine wired pattern
cannot be printed, whereas too small width 1s not preferable
because the aspect ratio may be restricted and the viscosity
becomes too high. Accordingly, the width 1s preterably in the
range of 0.2 to 5 um, and more pretferably in the range of
0.25 to 3 um.

The material for the metal particles 1s, for example, at
least one selected from a group consisting of gold, silver,
platinum, copper, nickel, iron, cobalt, zinc, ruthenium, rho-
dium, palladium, cadmium, osmium, iridium, and alumi-
num, or an alloy formed by combining some of these.

Among these metal, containing at least either gold or
silver 1s preferable. Silver flat particles are the best.

A plurality of kinds of metal particles may be mixed, such
that mixing metal particles made from different materials
selected from the above listed materials, or metal particles
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made from the same or different materials and having
different shapes. Here, mixing different shaped metal par-
ticles means mixing flat metal particles and non-flat metal
particles. In this case, 20% by mass or more, preferably 40%
by mass or more flat metal particles should be mixed.

The non-flat metal particles mentioned above may be, for
example, spherical, cubic, etc., particles. Needless to say,
large particles cannot be used for thin film printing. Prefer-
able metal particles to be mixed (co-used) with the tlat metal
particles are spherical nanoparticles having an average par-
ticle diameter of 5 to 600 nm, and preferably having an
average particle diameter of 10 to 300 nm. Here, the average
particle diameter 1s the median diameter D50. Particle
diameters of respective particles were measured using
Microtrac Particle Size Distribution Measurement Device
MT3000I1 Series USVR (a laser diflraction-scattering
method) or Nanotrac UPA-EX150 (a dynamic light scatter-
ing method) manufactured by Nikkiso Co., Ltd., and particle
diameters were obtained by spherical approximation, and
the median diameter was determined as D50. When the flat
metal particles are used together with the spherical nano-
particles, the spherical nanoparticles are located between the
tflat metal particles, and the spherical nanoparticle play a role
to connect the flat metal particles at the sintering process.
Thereby, a conductive pattern having a lower resistance can
be obtained.

The content of the metal particles 1n the conductive
composition (ink) 1s 15 to 60% by mass, preferably 20 to
55% by mass, and more preferably 25 to 50% by mass. It the
content 1s lower than 15% by mass, the print unevenness of
the printed conductive pattern may be likely to occur. If the
content exceeds 60% by mass, the thickness of the printed
thin film becomes too thick.

The binder resin used 1n the conductive composition (ink)
according to the present embodiment 1s, for example, poly-
N-vinylamide such as poly-N-vinylformamide, poly-N-vi-
nyl acetamide, poly-N-vinylpyrrolidone, poly-N-vinyl
caprolactam, etc., a poly-N-vinylamide copolymer such as a
copolymer of a monomer of above listed poly-N-vinylamide
and other vinyl compound (vinyl acetate, etc.), polyalkylene
glycol such as polyethylene glycol, polypropylene glycol, a
copolymer of ethylene glycol and propylene glycol (copo-
lymer having an ethylene oxide unit and a propylene oxide
unit), poly THF (polybutylene glycol), etc., polyurethane, a
cellulose resin such as methyl cellulose, ethyl cellulose,
hydroxy cellulose, methyl hydroxy cellulose, cellulose
acetate, etc., and a denivative thereof, a thermoplastic resin
such as a polyester resin formed by, for example, copoly-
merizing aliphatic diol and aliphatic dicarboxylic acid to
have a number average molecular weight of 10,000 to
100,000, and a glass-transition temperature (Tg) of —10 to
50° C., a chlorinated polyolefin resin, a polyacrylic resin, a
polyvinyl acetal (butyral) resin, etc., or a thermoset resin
such as an epoxy resin such as a bisphenol A-type epoxy
resin, a bisphenol F-type epoxy resin, a novolak type epoxy
resin, an aliphatic polyvalent epoxy resin, an alicyclic gly-
cidyl type polyvalent epoxy resin, etc., an epoxy acrylate
resin formed by adding an acrylic acid to the any one of the
above listed epoxy resins, a phenol resin, a melamine resin,
an urea resin, etc. In general, polyurethane mentioned above
1s a reaction product of a compound having a hydroxyl group
and a compound having an 1socyanate group. A preferable
example of a compound having a hydroxyl group 1is, for
example, at least one type of polyol selected from a group
consisting of polyether polyol (polyethylene glycol, poly-
propylene glycol, etc.) having a number average molecular
weight of 500 to 2000, and more preferably 800 to 1500,
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polycarbonate polyol, and polyester polyol, at least one type
of polyol selected from a group consisting of pentaerythritol,
dipentaerythritol, trimethylolpropane, ditrimethylolpropane,
and glycerin, or an ethylene oxide adduct and/or an propyl-
ene oxide adduct a p-toluenesulionic acid. A preferable
example of a compound having an isocyanate group 1s, for
example, at least one type of ditsocyanate selected from a
group consisting of dicyclohexylmethane-4,4'-diisocyanate,
isophorone diisocyanate, hexamethylene-1,6-di1socyanate,
and tolylene diisocyanate. In order to increase the adhesive-
ness to the substrate, etc., carboxy group containing diol,
such as dimethylol propionic acid, dimethylol butanoic acid
can be used as a part of the polyol component. The 1socya-
nate group 1s highly reactive (gradually reacts with moisture
in the air), and thus, for example, an 1socyanate derivative
which 1s capable of liberating 1socyanate by heating oxime-
blocked 1socyanate, etc., can be used. If the content of the
binder resin 1s too high, the binder resin 1s located between
the metal particle, resulting 1n decreasing the conductivity.
Therefore, the binder resin 1s 10 parts by mass or less,
preferably 5 parts by mass or less, and more preferably 3
parts by mass or less, relative to 100 parts by mass of the
metal particles. The content of the binder resin in the
conductive composition (ink) 1s preferably 5% by mass or
less, more preferably 2% by mass or less, and still more
preferably 1% by mass or less. If the content of the binder
resin 1s too small, the mechanical strength of the obtained
thin film 1tself 1s reduced, and the adhesive strength of the
thin film to the substrate 1s reduced. Therefore, usually, 0.5
parts by mass or more, preferably 1 part by mass or more of
the binder resin 1s contained relative to 100 parts by mass of
the metal particles.

The solvent contains an organic compound having a
hydrocarbon group with a bridged cyclic structure and a
hydroxyl group, as a solvent for adjusting the viscosity of
the conductive composition (ink), the organic compound
being, for example, 1sobornylcyclohexanol, tricyclode-
canedimethanol, and/or hydroxydicyclopentadiene. Isobor-
nylcyclohexanol may apply an appropriate viscosity to the
conductive ik, by the hydrogen bond of the hydroxyl group
in addition to the complicated steric structure of the 1sobor-
nyl group. Further, a compound having an isobornyl group
and a hydroxyl group has high wviscosity although the
volatilization temperature 1s not very high. Therefore, the
conductive composition (ink) can have high viscosity. Also,
since the compound has a boiling point appropriate as an ink
solvent, residue can be reduced by appropriate heating,
photo-sintering, etc., performed after printing and drying.

Tricyclodecanedimethanol and hydroxydicyclopentadi-
ene may also apply an appropriate viscosity to the conduc-
tive mk, by the hydrogen bond of the hydroxyl group in
addition to the complicated steric structure of the norbornyl
group. Further, a compound having an 1sobornyl group and
a hydroxyl group has high viscosity although the volatiliza-
tion temperature 1s not very high. Therefore, the conductive
composition (1nk) can have high viscosity. Also, since the
compound has a boiling point appropriate as an ink solvent,
residue can be reduced by appropnate heating, photo-sin-
tering, etc., performed after printing and drying.

In the solvent, the content of the organic compound
having a hydrocarbon group with a bridged cyclic structure
and a hydroxyl group, such as 1sobornylcyclohexanol, tri-
cyclodecanedimethanol, and/or hydroxydicyclopentadiene,
etc., depends on other solvents used, but 1s in the range of
preferably 5 to 98% by mass, more preferably 20 to 97% by
mass, and still more preferably 50 to 95% by mass. If the
content of the organic compound having a hydrocarbon
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group with a bridged cyclic structure and a hydroxyl group,
such as 1sobornylcyclohexanol, tricyclodecanedimethanol,
and/or hydroxydicyclopentadiene, etc., 1s less than 3% by
mass, the conductive composition (ink) for thin film printing
cannot have an approprate viscosity, and thus, the printed
pattern cannot maintain 1ts shape. If the content exceeds
98% by mass, the viscosity of the conductive 1ink becomes
too high, and thus, stringing at the time of printing becomes
worse, and printing itself may not be possible.

The solvent 1s prepared to have a desired viscosity by
mixing the organic compound having a hydrocarbon group
with a bridged cyclic structure and a hydroxyl group, such
as 1sobornylcyclohexanol, tricyclodecanedimethanol, and/or
hydroxydicyclopentadiene, etc., with other solvent.

Other solvent may be, for example, alcohol, ketone, ester,
cther, aliphatic hydrocarbon solvents and aromatic hydro-
carbon solvents. In order that each component can be well
dispersed 1n the conductive composition (ink) for thin film

printing, a preferable solvent may be ethanol, 1sopropyl
alcohol, 1-methoxy-2-propanol (PGME), ethylene glycol,
diethylene glycol, triethylene glycol, dipropylene glycol,
cthylene glycol monomethyl ether, ethylene glycol mono-
cthyl ether, ethylene glycol monopropyl ether, diacetone
alcohol, ethylene glycol monobutyl ether, propylene glycol,
diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, dipropylene glycol monopropyl ether,
diethylene glycol monobutyl ether, tripropylene glycol, tri-
cthylene glycol monoethyl ether, terpineol, dihydroterpin-
col, dihydro terpinyl monoacetate, methyl ethyl ketone,
cyclohexanone, ethyl lactate, propylene glycol monomethyl
cther acetate, diethylene glycol monomethyl ether acetate,
diethylene glycol monobutyl ether acetate, ethylene glycol
monomethyl ether acetate, ethylene glycol monobutyl ether
acetate, dibutyl ether, octane, or toluene, and among them,
terpineol and dihydroterpineol are particularly preferable.
Each solvent may be used by 1tself, but two or more kinds
of the solvents may be mixed.

The conductive composition (1ink) according to the pres-
ent embodiment may contain any optional components other
than the above components (the binder resin, the viscosity
adjusting solvent, and the flat metal particles), as far as the
characteristics thereof 1s not damaged. Such optional com-
ponents may be, for example, a wetting dispersant for
improving the wettability to the substrate, a surface condi-
tioner, a defoamer, a thixotropic agent, a leveling agent, a
corrosion inhibitor, an adhesion accelerator, a surfactant, a
rheology control agent, and the like.

Examples of the wetting dispersant may be DISPERBYK
(registered trademark)-106, DISPERBYK (registered trade-
mark)-108 (manufactured by BYK Japan K. K.). Examples
of the surface conditioner may be BYK (registered trade-
mark)-300, BYK (registered trademark)-306 (manufactured
by BYK Japan K. K.). Examples of the defoamer may be
BYK (registered trademark)-051, BYK (registered trade-
mark)-054 (manufactured by BYK Japan K. K.). Examples
of the thixotropic agent may be AEROSIL (registered trade-
mark) 380, AEROSIL (registered trademark) R106, AERO-
SIL (registered trademark) R-812 (manufactured by Nippon

Aecrosil Co., Ltd.). An example of the leveling agent may be
BYKETOL (registered trademark)-OK (manufactured by

BYK Japan K. K.). An example of the corrosion inhibitor
may be benzotriazole, etc. An example of the adhesion
accelerator may be 2-hydroxy methyl cellulose, etc. An
example of the surfactant may be Product Name: F-472SF
(manufactured by DIC Corporation). Examples of the rhe-
ology control agent may be BYK (registered trademark)-
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405, BYK (registered trademark)-410, BYK (registered
trademark)-311 (manufactured by BYK Japan K. K.).

The conductive composition (ink) according to the pres-
ent embodiment can be produced by subjecting the above
components to appropriately selected processes of stirring,
mixing, heating, cooling, dissolving, dispersing, etc., by
performed by known methods.

A conductive composition (ink) according to the present
embodiment has a viscosity at 25° C. of preferably, 1n case

of screen printing, 1.0x10° to 2x10° mPa-s, and more pref-
erably 3.0x10° to 5x10* mPa-s.

A method for forming a conductive pattern according to
the present embodiment comprises a step of printing a
pattern having any selected shape on a substrate, by screen
printing, using any one of the conductive compositions (ink)
prepared as above, and a step of subjecting the pattern to
thermal sintering at a temperature of 300° C. or less or
subjecting the pattern to pulsed light irradiation (photo
sintering ).

Printing 1s performed by screen printing. In the present
specification the “pattern” includes an entire pattern that the
printing 1s performed over the entirety of the substrate. With
respect to a screen mesh, needless to say, a mesh having a
smaller transmission capacity 1s more advantageous. The
transmission capacity is preferably 25 cm>/cm? or less, and
more preferably 20 cm’/cm” or less. If the transmission
capacity exceeds 25 cm’/cm® the film thickness is
increased. If the mesh of the mesh of the screen 1s too fine,
metal particles easily clog the mesh. If the mesh 1s too
coarse, pattern printing cannot be performed. Therefore, the
mesh count (the number of wires constituting a meth of 1
inch) 1s preferably 100 to 800, and more preferably 200 to
700. The wire diameter depends on the mesh count, but if the
wire 1s too thick, the transmission capacity becomes too
small, whereas 11 the wire 1s too thin, the strength of the wire
decreases and the mesh 1s easily broken. Therefore, when the
mesh count 1s 500, the wire diameter 1s preferably 10 to 30
um, and more preferably 15 to 25 um.

With respect to the maternial for a screen plate, stainless-
steel 1s preferable, 1n view of the printing precision. If
necessary, the screen plate may be subjected to calendering,
etc.

The thickness of emulsion applied for forming a pattern of
the screen plate 1s preferably thin, when thin film printing 1s
performed. However, 1f the thickness 1s too thin, traces of
screen may be transierred. Therefore, the thickness 1s prel-
erably 1 to 30 um, and more preferably 2 to 20 um.

The substrate for pattern printing may be hard (rigid) or
casily bent (flexible), and may be colored. The substrate may
be a rigid substrate such as a glass substrate, an alumina
substrate, a glass epoxy substrate, a paper phenol substrate,
an 1nsulating resin coated metal substrate, etc., or may be a
flexible substrate such as a polyimide film, a polycarbonate
film, a polyether sulfone film, an acrylic film, a polyester
(polyethylene terephthalate, polyethylene naphthalate, etc.)
film, a polyolefin film, a cyclo olefin polymer film, a cyclo
olefin copolymer film, etc. Such substrate may be opaque,
but preferably have a high light transmittance and a low haze
value, so as to be capable of being applied to wider use.
Further, a circuit of TFT elements, etc., or a functional
material such as a color filter, etc., may be formed on the
substrate. Further, a large number of substrates may be
stacked. In the present specification, “a substrate having a
low thermal resistance” means a substrate mainly composed
of a resin having a glass transition temperature (Tg) of 200°
C. or less.
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The amount of conductive composition (1nk) to be coated
on the substrate may be determined taking mto account the
film thickness of the conductive pattern which 1s obtained
depending on the intended use. The film thickness 1s selected
depending on the intended use. A desired film thickness may
be obtained by adjusting the coating amount of the conduc-
tive ink and conditions for the coating method. The thicker
film thickness 1s preferable from the viewpoint of a low
surface resistance, whereas the thinner film thickness 1s
preferable from the viewpoint of reducing the thickness of a
part. Taking these into account comprehensively, the film
thickness 1s preferably 200 to 3000 nm, more preferably 500
to 2000 nm, and still more preferably 700 to 1500 nm.

The printed (coated) conductive ink layer may be sub-
jected to heating and drying in accordance with needs. In the
present specification, “drying” refers to removing the sol-
vent by evaporation. The heating temperature for drying
may be different depending on the liquid components con-
stituting the dispersion medium, but when the drying tem-
perature 1s too high, there are drawbacks that foams may be
generated when the solvent evaporates, resulting 1n forming
voids. Therefore, the drying temperature 1s 120° C. or lower
at the highest, and more preferably 100° C. or lower. In
particular, the first drying temperature 1s important. Initiat-
ing the drying at about 40 to 80° C., and raising the
temperature step by step so as not exceeding 120° C., 1s
particularly preferable. Viscous liquid of an organic com-
pound comprising a hydrocarbon group having a bridged
cyclic structure, and a hydroxyl group, such as 1sobornyl-
cyclohexanol, tricyclodecanedimethanol, hydroxydicyclo-
pentadiene, etc., has a high boiling point. If such viscous
liquid and a diluting solvent are coexistent in a dispersion
medium, and the boiling point of the diluting solvent 1s
lower than the boiling point of the wviscous liquid, the
diluting solvent having the lower boiling point 1s preferen-
tially distilled away. Therelfore, the viscosity of the disper-
sion medium may be increased by drying, leading to sup-
pressing the breakage of the print pattern at the time of
drying.

In order to form a conductive pattern by the above-
mentioned conductive composition (ink), a pattern 1s printed
in any selected shape on a substrate by screen printing using
the above conductive composition (ink), the printed pattern
1s subjected to drying as described above, and the dried
pattern 1s further subjected to a thermal sintering process at
300° C. or less or pulsed light 1rradiation (photo sintering).
By using the conductive composition (1ink) according to the
present disclosure, a low-resistance thin film (which can be
formed to have a thickness of 3 um or less, further 1 um or
less) can be produced, although such a thin film cannot be
realized by screen printing using the conventional conduc-
tive composition (1nk).

In the thermal sintering process, heating 1s performed
preferably in the range of 100° C. to 300° C., and more
preferably from 120° C. to 200° C. If the heating tempera-
ture 1s lower than 100° C., conductivity 1s not usually
obtained, whereas 11 the temperature 1s higher than 300° C.,
a substrate which can be used 1s limited, and the part, etc.,
may be damaged. Needless to say, the lower temperature 1s
preferable 1n view of the wider selectable range of the
substrate and parts, and the energy consumed.

The heating device may be a hot plate, a hot air circulation
type constant temperature oven, IR furnace, etc. The atmo-
sphere may be an air atmosphere, or may be an 1nert gas
atmosphere or a reducing gas atmosphere, in accordance
with needs. Further, the drying step and the thermal sintering,
step above-mentioned may not be performed separately, but
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may performed simultaneously or continuously while con-
trolling a temperature profile.

In the present specification, the “pulsed light” 1s a light
having a short photo irradiation period (irradiation time).
When a plurality of times of photo 1rradiation are repeated,
as shown in the FIGURE, there 1s a period 1n which photo
irradiation 1s not performed (irradiation interval (ofl))
between a first photo 1rradiation period (on) and a second
photo irradiation period (on). In the FIGURE, the pulsed
light 1s illustrated to have a constant light intensity, but the
light intensity may vary within one photo irradiation period
(on). The pulsed light 1s 1rradiated from a light source
provided with a flash lamp such as a xenon flash lamp. Using
such a light source, pulsed light 1s 1rradiated to a thin film
printed on the substrate. When 1rradiation 1s repeated for
n-times, one cycle (on+oil) i FIG. 1 1s repeated for n-times.
At the time of repeated 1rradiation, it 1s preferable to cool the
substrate side so that the substrate can be cooled to a
temperature near the room temperature when the next pulsed
light irradiation 1s performed.

For the pulsed light, electromagnetic waves having a
wavelength 1n the range from 1 pm to 1 m may be used,
preferably, electromagnetic waves having a wavelength 1n
the range from 10 nm to 1000 um may be used (from far
ultraviolet to far infrared), and more preferably, electromag-
netic waves having a wavelength 1n the range from 100 nm
to 2000 nm may be used. Examples of such electromagnetic
wave may be gamma rays, X-rays, ultraviolet rays, visible
rays, inirared rays, etc. Considering transformation into
thermal energy, too short wavelength 1s not preferable
because a substrate (resin substrate) on which the pattern
printing 1s performed may be largely damaged. Also, too
long wavelength 1s not preferable because eflicient absorp-
tion and exothermic heating cannot be performed. Accord-
ingly, the wavelength range 1s preferably the range from the
ultraviolet to inifrared among the above-mentioned wave-
lengths, and more preferably, in the range from 100 to 2000
nm.

One wrradiation period (on) of the pulsed light 1s prefer-
ably from 20 microseconds to 50 milliseconds, although the
pertod may vary depending on the light intensity. If the
period 1s less than 20 microseconds, sintering of the metal
particles does not progress, resulting in providing a lower
ellect of increasing the performance of a conductive film. If
the period 1s longer than 50 milliseconds, there may be bad
influences on the substrate and the binder resin due to
photodegradation and thermal degradation, and further,
metal particles may be easily blown away. More preferably,
the 1rradiation period 1s from 40 microseconds to 10 milli-
seconds. Due to the reasons mentioned above, pulsed light
instead of continuous light 1s used 1n the present embodi-
ment. A single shot of the pulsed light 1s effective, but the
irradiation may be repeated as mentioned above. When the
irradiation 1s repeated, the irradiation interval (ofl) 1s pret-
erably 1n the range from 20 microseconds to 5 seconds, and
more preferably in the range from 2 milliseconds to 2
seconds. If the 1rradiation interval 1s shorter than 20 micro-
seconds, the pulsed light becomes similar to a continuous
light and another irradiation 1s performed aiter one 1rradia-
tion without leaving enough time for cooling. Thus, the
substrate 1s heated to a very high temperature and may be
deteriorated. The irradiation interval longer than 5 seconds
1s not preferable because the processing time becomes long.

Either one of, or both of the thermal sintering and the
pulsed light irradiation may be performed.

The conductive properties of the obtamned conductive
pattern can be made to have desired values, by adjusting the
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film thickness, 1.e., the coating amount of the composition
and conditions of the coating method, and adjusting the
concentration of the metal particles 1n the conductive com-
position (ink) according to the present embodiment.

In general, the thinner the film thickness, the higher the
surface resistivity even when the volume resistances are the
same. Further, the higher the concentration of the flat metal
particles 1n the conductive composition (ink), the lower the
volume resistivity. Accordingly, 1n order to reduce the resis-
tivity of a conductive circuit even 1 the film thickness 1s
thin, the volume resistivity must be reduced, and thus,
concentration of the flat metal powder should be increased,
and appropriate sintering conditions should be selected.

The conductive pattern obtained as above preferably has
a volume resistivity value of 1x107° to 2x107° Q-cm, and
more preferably has a volume resistivity value of 1x107* to
2x107° Q-cm.

Further, after the above-mentioned sintering process or
the pulsed light 1rradiation, proving a protection layer which
protects the conductive pattern 1s preferably, by adhering a
protection {ilm on the upper side of the conductive pattern,
by coating a resin 1k, drying the coated ink, and curing the
ink 1f necessary. For the protection layer, for example, a
0.5-to-30-um-thick thermoset resin, ultraviolet curable
resin, or thermoplastic resin may be used. Specifically, the
protection film may be a PET (polyethylene terephthalate)
film, a PEN (polyethylene naphthalate) film, etc., provided
with an adhesive layer. As a thermoset resin, an epoxy resin,
an urethane resin, an acrylic resin, a phenol resin, a silicone
resin, etc., may be exemplified. As an ultraviolet curable
resin, an acrylic resin, an alicyclic epoxy resin, may be
exemplified. As a thermoplastic resin, a cyclo olefin poly-
mer, a cyclo olefin copolymer, a PMMA (polymethyl meth-
acrylate), may be exemplified.

EXAMPLES

Hereinatter, specific examples of the present disclosure
will be explained. The examples are described below for the
purpose of easy understanding of the present disclosure, and
the present disclosure 1s not limited to these examples.

Example 1

<Preparation of Conductive Composition (Ink)>

4'7.3 g of Ag Nano Flake N300 (terpineol dispersion paste
having Ag content ol 84.5% by mass manufactured by
Tokusen Kogyo Co., Ltd.) as flat silver particles, 3.00 g of
terpineol C (manufactured by Nippon Terpene Chemicals,
Inc.) solution having 40% by mass of polyvinylpyrrolidone
(PVP K30), and 49.6 g of Tersorb MTPH (1sobornylcyclo-
hexanol, manufactured by Nippon Terpene Chemicals, Inc.)
as a solvent, were added, and mixed by Planetary Centrifu-
gal Vacuum Mixer (ARV-310, manufactured by Thinky
Corporation) at the maximum stirring speed of 2000 rpm for
30 minutes, to thereby prepare a sample.
<Viscosity Measurement>

Viscosities of the solvent and the conductive composition
(ink) at 25° C. were measured using Type B viscometer
DV-11+Pro manufactured by Brookfield Engineering. In the
measurement, when the viscosity exceeds 1.0x10* mPa-s, a
roter No. 52 was used, whereas when the wviscosity 1s
1.0x10%* mPa-s or less, a rotor No. 40 was used.
<Printing Conductive Composition (Ink)>

As a screen plate, a calendered mesh having a mesh count
of 640 and a wire diameter of 15 um® was subjected to a
hardening process using an emulsion IC-10000 (manufac-
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tured by Murakami Co., Ltd.) at the film thickness of 5 um,
and was formed 1nto a 2-cm-square patterned screen plate.
For the substrate, Teijin Teonex (registered trademark) Q51
(PEN (polyethylene naphthalate) film, 100-um-thick, manu-
factured by Te1jin DuPont Films Japan Limited) was used.
The conductive composition (ink) prepared as above was
printed, using the above screen plate, to have a 2-cm-square
pattern on the substrate, which was thereaiter subjected to
thermal sintering at 140° C. for 60 minutes, without pre-
liminary drying, to thereby form a thin film conductive
pattern.
<Measurement of Film Thickness>

Measurement was performed by FE-SEM S-5200, manu-
factured by Hitchi High-Technologies Corporation.
<Volume Resistivity Measurement>

The volume resistivity of the formed conductive pattern
was measured by the four-point probe surface resistivity/
volume resistivity measurement device LORESTA (regis-

tered trademark)-GP MCP-T610, manufactured by Mitsubi-
shi Chemical Corporation.

Examples 2 to 15 Comparative Examples 1 to 5

Similar to the ink preparation of Example 1, conductive
compositions (1nk) of Examples 2 to 15 and Comparative
Examples 1 to 5 were prepared using various metal (silver)
particles, binder resins, and solvents. Tables 1 to 3 show
compositions of the conductive compositions (ink) accord-
ing to Examples 2 to 15 and Comparative Examples 1 to 3,
as well as Example 1, and evaluation results of the conduc-
tive patterns made by these conductive compositions (1nk).
Tables 1 and 2 show the used silver particles 1 (silver
particles 2 were not used 1n Examples 1 to 15 and Com-
parative Example 1 to 5), binder solutions, solvents 1, and
solvents 2. Table 3 shows respective conductive composi-
tions (ink) and evaluation results of the conductive pattern
prepared by the respective conductive compositions (1nk).
Table 6 shows the shape of each raw material metal (silver)
particle used in Examples and Comparative Examples.

In each of Examples 11 to 13, conductive composition
was prepared as below, by mixing two types of materials
cach constituting a binder by thermal treatment. Further, the
synthetic binders (A) and (B) used in Examples 14 and 15
were prepared as below, respectively.

Preparation of Conductive Composition for
Example 11

53.3 g of Ag Nano Flake N300 (terpineol dispersion paste
having Ag content of 84.5% by mass, manufactured by
Tokusen Kogyo Co., Ltd.) as flat silver particles, 0.543 g of
cthylene oxide adduct of p-toluenesulfonamide PTSA-40X
(manufactured by Meise1 Chemical Works, Ltd.), 0.812 g of
blocked 1socyanate BLL42655SN (manufactured by Sumika
Bayer Urethane Co., Ltd.), and 45.3 g of Tersorb MTPH
(1sobornylcyclohexanol, manufactured by Nippon Terpene
Chemicals, Inc.) as a solvent, were added, and mixed by
Planetary Centrifugal Vacuum Mixer (ARV-310, manufac-
tured by Thinky Corporation) at the maximum stirring speed
of 2000 rpm for 30 minutes, to thereby prepare a sample.

Preparation of Conductive Composition for
Example 12

53.4 g of Ag Nano Flake N300 (terpineol dispersion paste
having Ag content of 84.5% by mass, manufactured by
Tokusen Kogyo Co., Ltd.) as flat silver particles, 0.592 g of
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cthylene oxide adduct of p-toluenesulfonamide PTSA-40X
(manufactured by Meise1 Chemical Works, L.td.), 0.766 g of

blocked 1socyanate 17B-60P (manufactured by Asahi Kasei
Corporation), and 45.4 g of Tersorb MTPH (1sobornylcy-
clohexanol, manufactured by Nippon Terpene Chemicals,
Inc.) as a solvent, were added, and mixed by Planetary
Centrifugal Vacuum Mixer (ARV-310, manufactured by
Thinky Corporation) at the maximum stirring speed of 2000
rpm for 30 minutes, to thereby prepare a sample.

Preparation of Conductive Composition for
Example 13

53.3 g of Ag Nano Flake N300 (terpineol dispersion paste
having Ag content of 84.5% by mass, manufactured by
Tokusen Kogyo Co., Ltd.) as flat silver particles, 0.641 g of
cthylene oxide adduct of p-toluenesulfonamide PTSA-40X
(manufactured by Meise1 Chemical Works, Ltd.), 0.756 g of
blocked 1socyanate SBB-70P (manufactured by Asali Kasei
Corporation), and 45.6 g of Tersorb MTPH (1sobornylcy-
clohexanol, manufactured by Nippon Terpene Chemicals,
Inc.) as a solvent, were added, and mixed by Planetary
Centrifugal Vacuum Mixer (ARV-310, manufactured by
Thinky Corporation) at the maximum stirring speed of 2000
rpm for 30 minutes, to thereby prepare a sample.

Synthesis of Synthesized Binder (A) Used in
Example 14

30.25 g of diol (Kuraray Polyol C-1013N (polycarbonate
diol, number average molecular weight 1000) manufactured

TABL.

Silver Particle 1
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by Kuraray Co., Ltd.), 13.08 g of dimethylol butanoic acid,
and 71.77 g of tetrahydrofuran (THF) were provided 1n a
500 ml separable flask, which was subjected to heating 1n an
o1l bath at 80° C. to be suiliciently dissolved. 28.74 g of
duisocyanate (Desmodur (registered trademark) W (dicyclo-
hexylmethane-4,4'-diisocyanate), manufactured by Sumika
Bayer Urethane Co., Ltd.) was slowly dropped thereto using
a dropping funnel, which was heated and stirred at 100° C.
for two hours, and subsequently at 110° C. for one hour, to
thereby obtain Synthetic Binder (A).

Synthesis of Synthesized Binder (B) Used 1n
Example 15

38.21 g of diol (polypropylene glycol, UNIOL D-1000
(number average molecular weight 1000) manufactured by
NOF Corporation), 30.03 g of dimethylol butanoic acid, and
125.96 g of propylene glycol methyl ether acetate (PGMEA)
were provided 1n a 1000 ml separable flask, which was
subjected to heating 1n an o1l bath at 80° C. to be sufliciently
dissolved. 57.86 g of ditsocyanate (Desmodur (registered
trademark) W (dicyclohexylmethane-4,4'-diisocyanate),
manufactured by Sumika Bayer Urethane Co., Ltd.) was
slowly dropped thereto using a dropping funnel, which was
heated and stirred at 100° C. for two hours, and subsequently
at 110° C. for one hour, to thereby obtain Synthetic Binder

(B).

In Examples 14 and 13, the conductive compositions were
prepared 1n the same way as Example 1, except that the
silver particles, binder solutions, and solvents shown 1n
Table 1 were used.

(L]

1

Silver Particle 2

Paste or
Metal Silver
Concentration  Particle by Metal by Mass

Example Name [0 by mass] Mass [g] [g]

1 Ag Nano 84.5 47.3 40.0
Flake N300
in Terpineol

2 LM1 100.0 40.0 40.0

3 Ag-XF301K 100.0 40.0 40.0

4 Ag Nano 100.0 40.0 40.0

Flake M13

5 Ag Nano 84.5 23.7 20.0
Flake N300
in Terpineol

6 Ag Nano 84.5 71.0 60.0
Flake N300
in Terpineol

7 LM1 100.0 40.0 40.0

8 Ag Nano 84.5 47.3 40.0
Flake N300
in Terpineol

9 Ag Nano 84.5 47.3 40.0
Flake N300
in Terpineol

10 Ag Nano 84.5 47.3 40.0
Flake N300
in Terpineol

11 Ag Nano 84.5 53.3 45.0
Flake N300
in Terpineol

12 Ag Nano 84.5 53.4 45.1
Flake N300
in Terpineol

13 Ag Nano 84.5 53.3 45.0
Flake N300

in Terpineol

Paste or Solvent

Metal Silver in Paste
Concentration Particle by Metal by Mass by Mass

[0 by mass] ~ Mass [g] &l &]

Solvent

in Paste
by Mass
lg] Name

7.3

0.0
0.0
0.0
3.7

11.0

0.0
7.3

7.3

7.3

8.3

8.3

8.3
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TABLE 1-continued
14 Ag Nano 84.5 534 45.1 8.3
Flake N300
in Terpineol
15 Ag Nano 84.1 47.7 40.1 7.6
Flake N300
in Terpineol
Binder Solution
Binder Binder in Solvent in
Solution Binder Solution by  Solution by Solvent 1 Solvent 2
by Mass Concentration Mass Mass Mass Mass
Example Binder Solvent [g] [% by mass] [g] [g] Name [g] Name [g]
1 PVP (K30) Terpineol C 3.0 40.0 1.2 1.8 MTPH 49.6
2 PVP (K30) Terpineol C 3.0 40.0 1.2 1.8 MTPH 56.9
3 PVP (K30) Terpineol C 3.0 40.0 1.2 1.8 MTPH 56.9
4 PVP (K30) Terpineol C 3.0 40.0 1.2 1.8 MTPH 56.9
5 PVP (K30) Terpineol C 1.5 40.0 0.6 0.9 MTPH 74.7
6 PVP (K30) Terpineol C 4.5 40.0 1.8 2.7 MTPH 24.5
7 PVP (K30) Terpineol C 8.0 40.0 3.2 4.8 MTPH 52.0
8 ETHOCEL Terpineol C 12.0 10.0 1.2 10.8 MTPH 40.7
STD100CPS
9 BRG556 Terpineol C 1.2 100.0 1.2 0.0 MTPH 51.4
10 S-LEC BL-2H Terpineol C 6.0 20.0 1.2 4.8 MTPH 46.7
11 PTSA-40X/ 0.543/0.812 100.0 1.36 0 MTPH 45.3
BL4265SN
12 PTSA-40X/ 0.592/0.766 100.0 1.36 0 MTPH 45.4
17B-60P
13 PTSA-40X/ 0.641/0.756 100.0 1.4 0 MTPH 45.6
SBB-70P
14 Synethetic THF 2.29 60.0 1.37 0.92 MTPH 39.9 Terpineol C 4.5
Binder (A)
15 Synethetic PGMEA 2.34 50.0 1.17 1.17 MTPH 51.0
Binder (B)
TABLE 2
Silver Particle 1 Silver Particle 2
Paste or Solvent Paste or Solvent
Metal Silver in Paste Metal Silver in Paste
Comparative Concentration  Particle by Metal by Mass by Mass Concentration Particle by Metal by Mass by Mass
Example  Name [% by mass] Mass [g] [g] [g] Name [% by mass] Mass [g] [g] [g]
1 T5A-A01 100.0 4.00 4.00 0.00
2 SF-K 100.0 4.00 4.00 0.00
3 Ag Nano 84.5 1.21 1.02 0.19
Flake N300
in Terpineol
4 L.M1 100.0 4.00 4.00 0.00
5 LMI1 100.0 8.00 8.00 0.00
Binder Solution
Binder Binder in  Solvent in
Solution Binder Solution  Solution Solvent 1 Solvent 2
Comparative by Mass Concentration by Mass by Mass Mass Mass
Example Binder Solvent [g] [% by mass] [g] [g] Name [g] Name [g]
1 PVP (K30) Terpineol C 0.300 40.0 0.120 0.180 MTPH 5.69
2 PVP (K30)  Terpineol C 0.300 40.0 0.120 0.180 MTPH 5.69
3 PVP (K30) Terpineol C 0.120 40.0 0.048 0.072 MTPH 8.30 Terpineol C 0.64
4 PVP (K30) Terpineol C 1.501 40.0 0.600 0.901 MTPH 4.50
5 PVP (K30)  Terpineol C 0.600 40.0 0.240 0.360 MTPH 0.40 Terpineol C 1.00
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Metal tricyclodecanedimethanol/  Other  parts by mass of total solvent
Particle Binder hydroxydicyclopentadiene Solvent total metal) [% by mass]
Example 1 40.0 1.2 49.6 9.1 3.0 84.4
Example 2 40.0 1.2 57.0 1.8 3.0 96.9
Example 3 40.0 1.2 57.0 1.8 3.0 96.9
Example 4 40.0 1.2 57.0 1.8 3.0 96.9
Example 5 20.0 0.6 74.8 4.6 3.0 04.2
Example 6 60.0 1.8 24.5 13.7 3.0 64.1
Example 7 40.0 3.2 52.0 4.8 8.0 91.5
Example 8 40.0 1.2 40.7 18.1 3.0 69.2
Example 9 40.0 1.2 51.4 7.3 3.0 87.5
Example 10 40.0 1.2 46.7 12.1 3.0 79.4
Example 11 45.0 1.4 45.3 8.3 3.0 84.5
Example 12 45.0 1.4 45 .4 8.3 3.0 84.5
Example 13 45.0 1.4 45.6 8.3 3.1 84.6
Example 14 45.1 1.4 39.9 13.7 3.0 91.6
Example 15 39.7 1.2 51.0 8.8 2.9 85.3
Comparative 40.0 1.2 57.0 1.8 3.0 96.9
Example 1
Comparative 40.0 1.2 57.0 1.8 3.0 96.9
Example 2
Comparative 10.0 0.5 80.8 8.8 4.7 97.0
Example 3
Comparative 40.0 6.0 45.0 9.0 15.0 83.3
Example 4
Comparative 80.0 2.4 4.0 13.6 3.0 52.6
Example 5
Evaluation after Sintering
Viscosity Sintering Conditions Film
Roter Number of mPa-s  Temperature Time Thickness Volume Resistivity
No. Rotations at 25° C. [ C.] [min] [m | [€2 - cm]
Example 1 52 2 26000 140 60 0.73 2.3 x 107
Example 2 52 2 89000 140 60 0.74 1.2 x 107
Example 3 52 2 72000 140 60 0.92 9.5 x 107°
Example 4 52 2 68000 140 60 1.03 1.7 x 107
Example 5 52 2 54000 140 60 0.47 1.3 x 107
Example 6 40 2 7000 140 60 2.53 8.2 x 107
Example 7 52 2 78000 140 60 0.81 4.6 x 1074
Example 8 40 2 8200 200 60 0.86 8.4 x 107°
Example 9 52 2 34000 200 60 0.78 9.5 x 107°
Example 10 52 2 18000 200 60 0.81 7.2 x 107°
Example 11 52 2 35000 140 60 0.93 1.1 x 107
Example 12 52 2 56000 140 60 1.21 1.9 x 107
Example 13 52 2 61000 140 60 0.87 2.4 x 107°
Example 14 52 2 92000 140 60 0.85 1.5 x 107
Example 15 52 2 86000 140 60 0.72 2.1 x 107
Comparative 52 2 160000 140 60 0.65 4.8 x 1073
Example 1
Comparative 52 2 120000 140 60 0.95 1.1 x 1072
Example 2
Comparative 52 2 67000 140 60 0.25 Partly blurred
Example 3
Comparative 52 2 45000 140 60 0.92 320
Example 4
Comparative 52 2 130000 140 60 6.32 6.4 x 107
Example 5

Examples 16 to 20

Table 4 shows compositions of the conductive composi-
tions (ink) according to Examples 16 to 20, prepared in the
same way as the ink preparation of Example 1, using various
metal (silver) particles, binder resins, and solvents. In Table
4, the used silver particles (silver particle 1, silver particle
2), binder solutions, solvents 1, and solvents 2 are shown.
Further, Table 5 shows evaluation results of conductive
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compositions (ink) of Examples 16 to 20 and conductive
patterns prepared by these compositions. Table 6 shows
shapes ol raw maternial metal (silver) particles used 1n
Examples 16 to 20.

In Examples 16 and 17, two kinds of solvents, 1.e.,
tricyclodecanedimethanol and dihydroterpineol (Example
16), and two kinds of solvents 1.e., tricyclodecanedimethanol

and hydroxydicyclopentadiene (Example 17), were used as
a solvent, mstead of Tersorb MTPH. In Examples 18 and 19,
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two kinds of solvents, 1.e., Tersorb MTPH and terpineol
were used. Further, in Comparative Examples 3 and 5 (Table
2), Tersorb MTPH and C terpineol were used.

In Examples 18 to 20, two kinds of silver particles were
used. In Example 18, Ag Nano Flake N300 and T5A-A01
(spherical silver particle, manufactured by DOWA FElectron-

20

ics Materials Co., Ltd.) were mixed. In Examples 19 and 20,
AgC-204B (flat silver particle, manufactured by Fukuda

Metal Foi1l & Powder Co., Ltd.) and T5A-A01 (spherical
s silver particle, manutactured by DOWA Electronics Mate-

rials Co., Ltd.) were mixed.

TABLE 4
Silver Particle 1 Silver Particle 2
Paste or Solvent Paste or Solvent
Metal Silver in Paste Metal Silver in Paste

Concentration Particle by Metal by Mass by Mass Concentration Particle by Metal by Mass by Mass

Example Name [% by mass] Mass [g] [g] [¢] Name [% by mass]  Mass [g] [g] [g]
16 Ag Nano 84.5 47.3 40.0 7.3
Flake N300
in Terpineol
17 Ag Nano 84.5 47.3 40.0 7.3
Flake N300
in Terpineol
18 Ag Nano 84.5 23.7 20.0 3.7 T5A-A01 100.0 20.0 20.0 0.0
Flake N300
in Terpineol
19 Ag(C-204B 100.0 30.0 30.0 0.0  T35A-A01 100.0 10.0 10.0 0.0
20 Ag(C-204B 100.0 20.0 20.0 0.0  T5A-A01 100.0 20.0 20.0 0.0
Binder Solution
Binder Binder in  Solvent in
Solution Binder Solution  Solution Solvent 1 Solvent 2
by Mass Concentration by Mass by Mass Mass Mass
Example Binder Solvent [g] [% by mass] [g] [g] Name [g] Name [g]
16 S-LEC  dihydroterpineol 6.00 20.0 1.20 480  tricyclodecane 36.7 dihydroterpineol 10.0
BL-2H dimethanol
17 S-LEC  dihydroterpineol 6.00 20.0 1.20 4.80  tricyclodecane 26.7 hydroxydicyclo- 20.0
BL-2H dimethanol pentadiene
18 S-LEC  Terpineol C 6.00 20.0 1.20 480 MTPH 46.7 Terpineol 7.3
BL-2H
19 S-LEC  Terpineol C 6.00 20.0 1.20 480 MTPH 46.7 Terpineol 7.3
BL-2H
20 S-LEC  Terpineol C 6.00 20.0 1.20 480 MTPH 46.7
BL-2H
TABLE 5
Ratio
Mass Ratio [% by mass] Binder
(Calculated Value based on Feed Value) [part by mass]
MTPH/ (relative to 100 MTPH, etc./
Metal tricyclodecanedimethanol ~ Other  parts by mass of total solvent
Particle Binder hydroxydicyclopentadiene Solvent total metal) [% by mass]
Example 16 40.0 1.2 36.7 22.1 3.0 62.4
Example 17 40.0 1.2 46.7 12.1 3.0 79.4
Example 18 40.0 1.2 46.7 12.1 3.0 79.4
Example 19 40.0 1.2 46.7 12.1 3.0 79.4
Example 20 40.0 1.2 46.7 12.1 3.0 79.4
Evaluation after Sintering
Viscosity Sintering Conditions Volume
Roter Number of mPa-s  Temperature Time Film Thickness Resistivity
No. Rotations at 25° C. [ C.] [min] [um] [€2 - cm]
Example 16 52 2 36000 140 60 0.87 8.9 x 107°
Example 17 52 2 28000 140 60 0.92 9.1 x 107°
Example 18 52 2 21000 140 60 0.77 9.8 x 107°
Example 19 52 2 64000 140 60 0.75 6.5 x 107°
Example 20 52 2 48000 140 60 0.79 7.1 x 107°
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In Table 1, Table 2, and Table 4, C-terpineol 1s a mixture
of 1somers of a.-, 3-, y-terpineol, manufactured by Nippon
Terpene Chemicals, Inc.; PVP (K30) 1s polyvinylpyrroli-
done (K30), manufactured by Nippon Shokubai Co., Ltd.;
ETHOCEL (registered trademark) STD100CPS 1s cellulose
acetate, manufactured by Nisshin Kasei1 Co., Ltd.; PTSA-
40X 1s ethylene oxide adduct of p-toluenesulfonamide,
manufactured by Meiser Chemical Works, Ltd.; BL42635SN
1s blocked isocyanate, manufactured Sumika Bayer Ure-
thane Co., Ltd.; 17B-60P and SBB-70P are blocked 1socya-
nate, manufactured by Asahi Kase1 Corporation; BRG356 1s
a phenol novolak resin manufactured by Showa Denko
K.K.; S-LEC (registered trademark) BL-2H 1s a butyral
resin, manufactured by Sekisu1 Chemical Co., Ltd.; MTPH
1s Tersorb MTPH, 1sobornylcyclohexanol, manufactured by
Nippon Terpene Chemicals, Inc.; THF 1s tetrahydrofuran;
and PGMEA 1s propylene glycol methyl ether acetate.

Regarding evaluation after sintering in Table 3, since a
uniform coating film was not obtammed in Comparative
Example 3, volume resistivity was not measured. The film
thickness was measured at the portion which 1s not blurred.

TABLE 6

Silver Particle

Particle Thick-

Product Width ness Aspect

Name Manufacturer Shape [nm | [nm] Ratio

T5A-A01 DOWA Electronics  Spher- 30 30 1.00
Materials Co., Ltd.  1cal

SF-K Mitsur Mining & Flake 2400 520 4.62
Smelting, Co., Ltd.

N300 Tokusen Kogyo Flat 300 30 10.00
Co., Ltd.

LMI1 Tokusen Kogyo Flat 800 35 22.86
Co., Ltd.

Ag-XF301K Fukuda Metal Foil  Flat 2520 400 6.30
& Powder Co., Ltd.

M13 Tokusen Kogyo Flat 1600 45 35.56
Co., Ltd.

AgC-204B  Fukuda Metal Foil  Flat 1200 40 30.00

& Powder Co., Ltd.

In Table 6, TSA-AO01 has a shape of comparatively close
to pertect sphere; N300 and M 13 are plate-like tlat powders;
N300 1s obtained as a paste dispersed 1n a solvent; LM1 1s
a plate-like flat powders containing a small amount of fine
powder; SF-K and Ag-XF301K are flake powders, but the
powder having an aspect ratio 5 or more 1s treated as a flat
powder; and Ag(C-204B 1s a plate-like flat powder. In Table
6, flake means a metal powder which is not plate-like, but 1s
waved.

Example 21

Photo-Sintering

The conductive composition (1nk) prepared in Example 1
was printed on Teijin Teonex Q51 (100 um thick), air-dried
for one night, and was subjected to pulsed light irradiation
using a xenon irradiation device, Pulse Forge 3300, manu-
factured by NovaCentrix. Irradiation conditions of the
pulsed light were light source drive voltage of 400 V, and
30-times 1rracdiation with 1rradiation time of 100 usec, at an
interval of 4 Hz. After the irradiation, a low resistance thin
film conductive pattern having a thickness of 0.75 um and a
volume resistivity of 8.2x107° Q-cm, was obtained.

As shown 1n Table 3 and Table 5, all Examples show
preferable evaluation results 1n terms of the film thickness
and the volume resistivity.
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On the other hand, in Comparative Example 1 where only
spherical particles (T5A-AO01) were used as silver particles,
has a high volume resistivity (4.8x107> Q-cm). In Compara-
tive Example 2 where SF-K which are silver particles having
an aspect ratio of less than 5 were used, has a high volume
resistivity (1.1x107> Q-cm). In Comparative Example 3, the
content of the silver particles 1n the ink was low, 1.e., 10%
by mass, and thus, a uniform coating film could not be
obtained, the print was partially blurred. In Comparative
Example 4, the ratio 1n mass of the binder relative to 100
parts by mass of the metal particles (binder/total metal) was
high, 1.e., 15 parts by mass, and thus, volume resistivity was
high (320 £2-cm). In Comparative Example 5, the content of
silver particle i the ik was high, 1.e., 80% by mass, and
thus, the thickness of the sintered film was thick (6.32 um).

The mnvention claimed 1s:

1. A conductive composition for thin film printing com-
prising metal particles, a binder resin, and a solvent, the
content of an organic compound in the solvent being 24.5 to
74.8% by mass, the organic compound comprising a hydro-
carbon group having a bridged cyclic structure and a
hydroxyl group, the content of metal particles being 15 to
60% by mass, the metal particles containing 20% by mass or
more of tlat metal particles, the content of the binder resin
being 0.5 to 10 parts by mass relative to 100 parts by mass
of the metal particles, and the viscosity at 25° C. being
1.0x10° to 2x10°> mPa-s.

2. A conductive composition for thin film printing accord-
ing to claim 1, wherein the organic compound comprising a
hydrocarbon group having a bridged cyclic structure and a
hydroxyl group 1s at least one of isobornylcyclohexanol,
tricyclodecanedimethanol, or hydroxydicyclopentadiene.

3. A conductive composition for thin film printing accord-
ing to claim 1, wherein the metal particles contain 40% by
mass or more of tlat metal particles.

4. A conductive composition for thin film printing accord-
ing to claim 1 wherein flat metal particle 1s a shiver flat
particle having an aspect ratio (width/thickness of the flat
metal particle) of 5 to 200.

5. A conductive composition for thin film printing accord-
ing to claim 1, wherein the metal particles are a mixture of
a plurality of kinds of metal particles.

6. A conductive composition for thin film printing accord-
ing to claim 5, wherein the plurality of kinds of metal
particles comprises tlat particles and spherical nanoparticles.

7. A conductive composition for thin film printing accord-
ing to claim 1, wherein the binder resin 1s one selected from
a group consisting ol poly-N-vinylamide, polyalkylene gly-
col, polyurethane, a cellulose resin and 1ts derivative, a
polyester resin, a chlorinated polyolefin resin, a polyacrylic
resin, a polyvinyl acetal (butyral) resin, an epoxy resin, an
epoxy acrylate resin, a phenol resin, a melamine resin, and
an urea resin.

8. A conductive composition for thin film printing accord-
ing to claim 7, wherein the poly-N-vinylamide 1s at least one
selected from a group consisting of poly-N-vinylformamide,
poly-N-vinyl acetamide, poly-N-vinylpyrrolidone, and
poly-N-vinyl caprolactam, and a copolymer of a monomer
of one of these and another vinyl compound; the polyalky-
lene glycol 1s at least one selected from a group consisting
of polyethylene glycol, polypropylene glycol, a copolymer
of ethylene glycol and propylene glycol, and polytetrahy-
drofuran; the cellulose resin 1s at least one selected from a
group consisting of methyl cellulose, ethyl cellulose,
hydroxy cellulose, methyl hydroxy cellulose, and cellulose
acetate; and the epoxy resin 1s at least one selected from a
group consisting ol a bisphenol-A-type epoxy resin, a bis-
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phenol-F-type epoxy resin, a novolak type epoxy resin, an
aliphatic polyvalent epoxy resin, and an alicyclic glycidyl
type polyvalent epoxy resin.

9. A conductive composition for thin film printing accord-
ing to claim 7, wherein the polyurethane 1s a reactant of at
least one hydroxyl group containing compound and at least
one isocyanate group contaiming compound; the hydroxyl
group containing compound being at least one type of polyol
selected from a group consisting of polyether polyol, poly-
carbonate polyol, and polyester polyol, at least one type of
polyol selected from a group consisting of pentaerythritol,
dipentaerythritol, trimethylolpropane, ditrimethylolpropane,
and glycerin, or an ethylene oxide adduct and/or an propyl-
ene oxide adduct of a p-toluenesulionic acid; and the 1so-
cyanate group contamning compound being at least one
selected from a group consisting of dicyclohexylmethane-
4.4'-duisocyanate, 1sophorone diisocyanate, hexamethylene-
1,6-du1socyanate, and tolylene diisocyanate.

10. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 1, and
a step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

11. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 2, and
a step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

12. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 3, and
a step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

13. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
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shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 4, and
a step of subjecting the pattern to thermal sintering at a
temperature ol 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

14. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 5, and
a step ol subjecting the pattern to thermal sintering at a
temperature ol 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

15. A method for forming a thin film conductive pattern
comprising a step ol printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 6, and
a step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

16. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 8, and
a step ol subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

17. A method for forming a thin film conductive pattern
comprising a step ol printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 8, and
a step of subjecting the pattern to thermal sintering at a
temperature of 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.

18. A method for forming a thin film conductive pattern
comprising a step of printing a pattern having any selected
shape on a substrate, by screen printing, using a conductive
composition for thin film printing according to claim 9, and
a step ol subjecting the pattern to thermal sintering at a
temperature ol 300° C. or less and/or subjecting the pattern
to pulsed light irradiation.
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